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7KH REMHFWLYH RI WKLV UHVHDUFK LV WKH DQDO\VLV RI URDG VDIHW\ LQ*UHHFH )RU WKDW SXUSRVH WKH 681IORZHU IRRWSULQW
PHWKRGRORJ\LVXVHGLQZKLFKDFRXQWU\¶VURDGVDIHW\OHYHOLVDQDO\VHGKLHUDUFKLFDOO\LQUHODWLRQWRDOOFRPSRQHQWVRI
WKH URDG VDIHW\ V\VWHP IURP VWUXFWXUH DQG FXOWXUH HOHPHQWV WR WKH H[LVWLQJ SURJUDPPHV DQG PHDVXUHV WR WKH
SHUIRUPDQFH LQGLFDWRUV UHIOHFWLQJ WKH FXUUHQW URDG VDIHW\ RSHUDWLRQDO OHYHO WR WKH QXPEHU RI RXWFRPHV LH URDG
DFFLGHQWVDQGFDVXDOWLHV UHVXOWLQJ IURP WKLV URDGVDIHW\ OHYHODQG WR WKHHYHQWXDO VRFLDOFRVWV$ZHDOWKRIGDWD LV
JDWKHUHG DQG DQDO\VHG LQ WKLV IUDPHZRUN LQFOXGLQJGDWD IURP WKH+HOOHQLF6WDWLVWLFDO$XWKRULW\ DQGRWKHU QDWLRQDO






FHQWXU\VWDUWGXH WRD VLJQLILFDQW LQFUHDVHRI URDGVDIHW\HQIRUFHPHQW DQHZDQGVWULFWHU5RDG&RGHDVZHOODVD
ODUJH SURJUDPPH RI PRWRUZD\ GHYHORSPHQW GXULQJ WKH ODVW GHFDGH )LQDOO\ WKH XQWLO UHFHQWO\ ODFN RI D FHQWUDO
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,QWURGXFWLRQ
$V*UHHFH LV RQH RI WKH SRRUHVW SHUIRUPLQJ FRXQWULHV LQ (XURSH DV UHJDUGV URDG VDIHW\ WKH SUHVHQW
UHVHDUFK LV LQWHQGHGDQDO\VH WKH URDGVDIHW\ VLWXDWLRQDQGGHYHORSPHQWRYHU WLPH LQ*UHHFH LQRUGHU WR
LGHQWLI\ SRVVLEOH FDXVHV DQG SDUWLFXODULWLHV )RU WKDW SXUSRVH WKH 681IORZHU IRRWSULQW PHWKRGRORJ\ LV
XVHGLQZKLFK*UHHNURDGVDIHW\OHYHOLVDQDO\VHGKLHUDUFKLFDOO\LQUHODWLRQWRDOOFRPSRQHQWVRIWKHURDG
VDIHW\ V\VWHP IURP VWUXFWXUH DQG FXOWXUH HOHPHQWV WR WKH H[LVWLQJ SURJUDPPHV DQG PHDVXUHV WR WKH
SHUIRUPDQFH LQGLFDWRUV UHIOHFWLQJ 7KLV PHWKRGRORJ\ SURYLGHV D ZHOOVSHFLILHG FRPSOHWH DQG FRQFLVH
VWUXFWXUHIRUDQDO\]LQJDQGOLQNLQJWKHYDULRXVFRPSRQHQWVRIWKHURDGVDIHW\V\VWHPLQ*UHHFH
7KH 681IORZHU S\UDPLG FRPSULVHV ILYH GLVWLQFW OHYHOV )LJXUH  7KH URDG VDIHW\ SHUIRUPDQFH RI
*UHHFHLVUHODWHGWRVWUXFWXUDODQGFXOWXUDOFKDUDFWHULVWLFVLHSROLF\LQSXWDWWKHERWWRPOHYHODVZHOODV
FRPPRQSUDFWLFHLHVDIHW\PHDVXUHVDQGSURJUDPVSROLF\RXWSXWDV UHVXOWDW OHYHO7R OLQN WKHVH
ILUVWWZROD\HUVWRWKHDFWXDOURDGDFFLGHQWRXWFRPHVDQLQWHUPHGLDWHOD\HUVSHFLILHVWKHRSHUDWLRQDOOHYHO
RI URDG VDIHW\ LQ WKH FRXQWU\ FRQWDLQLQJ URDG VDIHW\ SHUIRUPDQFH LQGLFDWRUV 563, RQ LVVXHV OLNH
VSHHGLQJGULQNLQJDQGGULYLQJDVZHOODVDFRQFLVHGHSLFWLRQRIWKHURDGQHWZRUNDQGWKHPDLQIHDWXUHVRI
WKHYHKLFOH IOHHW)LQDORXWFRPHVH[SUHVVHG LQ WHUPVRI URDGFDVXDOWLHVDUH WKHQQHFHVVDU\ WRXQGHUVWDQG
WKHVFDOHRI WKHSUREOHP7KLV W\SHRI LQIRUPDWLRQ LV IRXQGDW OHYHODQGFRQVLVWVRIGLIIHUHQW W\SHVRI
URDGULVNLQGLFDWRUVUHODWHGWRWKHWKUHHFRPSRQHQWVRIDWUDIILFV\VWHPLQIUDVWUXFWXUHYHKLFOHURDGXVHU






















DQG LQGLFDWRUV'DWD IURP WKH+HOOHQLF 6WDWLVWLFDO$XWKRULW\ DQG RWKHU QDWLRQDO GDWD VRXUFHV DVZHOO DV
IURPYDULRXV LQWHUQDWLRQDO GDWD ILOHV &$5((562(XURVWDW ,57$' HWF DQG UHVHDUFK SURMHFWV HJ
6$575(3DUWLFXODUHPSKDVLVLVJLYHQLQWKHILQDOV\QWKHVLVRIWKHUHVXOWVZKLFKVHUYHVDVDQLQWHJUDWLRQ
RI WKH LQIRUPDWLRQSUHVHQWHG LQ WKH ILYH OHYHOV DQG DOORZVQRW RQO\ IRU DQRYHUDOO DVVHVVPHQW RI*UHHN
SHUIRUPDQFH EXW DOVR IRU WKH LGHQWLILFDWLRQ RI VSHFLILF URDG VDIHW\ SUREOHPV DQG D VHULHV RI UHVSHFWLYH
FRXQWHUPHDVXUHV




ZLWK PRUH WKDQ  LVODQGV DQG FOLPDWH DQG ZHDWKHU FRQGLWLRQV DUH IDYRXUDEOH 7KH URDG QHWZRUN LV
FRQVLVWHGRINPURDGVOHQJWKDQGWKHYHKLFOHIOHHWLQZDVPLOOLRQYHKLFOHV
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2WKHU0LQLVWULHVZLWKUHVSRQVLELOLWLHVDVUHJDUGVURDGVDIHW\DUHWKH0LQLVWU\RI+HDOWKWKH0LQLVWU\RI
(GXFDWLRQ/LIH/RQJ/HDUQLQJDQG5HOLJLRQDQG WKH0LQLVWU\RI WKH(FRQRP\0RUHRYHUDQXPEHURI
























7DEOH  VKRZV WKDW WKH SURSRUWLRQ RI GULYHUV ZKR DGRSW DJJUHVVLYH DQG ULVNWDNLQJ EHKDYLRXU KDV
LQFUHDVHG EHWZHHQ  DQG  DV VXJJHVWHG E\ WKH LQFUHDVH LQ VHOIUHSRUWHG IUHTXHQF\ RI
LQDSSURSULDWHRYHUWDNLQJ2Q WKHRWKHUKDQG WKRXJK WKHSURSRUWLRQVRIGULYHUV WKDW UHSRUWHGH[FHHGLQJ
WKH VSHHG OLPLWV DQG GULYLQJ XQGHU WKH LQIOXHQFH RI DOFRKRO DUH VLJQLILFDQWO\ UHGXFHG ZKHUHDV WKH
SURSRUWLRQ RI GULYHUV LQ IDYRXU RI KLJKHU DQG VWULFWHU%$& OLPLWV KDV LQFUHDVHG )LQDOO\ WKH SHUFHLYHG
SUREDELOLW\RIEHLQJWHVWHGIRUVSHHGLQJRUGULQNLQJDQGGULYLQJKDVLQFUHDVHG6$575(
5RDG6DIHW\6WUDWHJ\RI*UHHFH
,Q*UHHFH DOO WKUHH VWUDWHJLF SODQV    SXW TXDQWLWDWLYH WDUJHWV DQG
SURSRVHDFRPSUHKHQVLYHVHWRIURDGVDIHW\SURJUDPPHVDQGPHDVXUHV+RZHYHUDEDVLFSULRULW\RIWKH
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1DWLRQDO6WUDWHJLF3ODQVDQGWDUJHWV
7KH VW QDWLRQDO URDG VDIHW\ SODQ  DQG LWV LPSOHPHQWDWLRQ FRQWULEXWHG WR D VLJQLILFDQW













NPK IRU PRWRUELNHV VPDOOHU WKDQ FF  .PK IRU LQWHUXUEDQ DQG UXUDO URDGV  NPK IRU









UHDU VHDWV VLQFH  ZKLOH IRU DOO PRWRUF\FOHV DQG PRSHG ULGHUV ZHDULQJ WKH KHOPHW LV FRPSXOVRU\
5HJDUGLQJWKHDORZHG%$&OHYHORQO\IRUQRYLFHGULYHUV\HDUVH[SHULHQFHWKHOLPLWLVJUOW)RU
PRWRUF\FOHDQGPRSHGULGHUVGULYHUVRISXEOLFYHKLFOHVORUULHV!WEXVHVVFKRROEXVHVDQGFRDFKHV
DPEXODQFHV GDQJHURXV JRRGV YHKLFOHV WKH OLPLW LV  JUOW   JUOW'UXJV OLPLWV KDYH QRW \HW EHHQ
GHILQHG +DQGKHOG PRELOH SKRQH XVH ZKLOH GULYLQJ LV SURKLELWHG VLQFH  0RUHRYHU SHULRGLFDO
WHFKQLFDO LQVSHFWLRQV DUH FRPSXOVRU\ IRU DOO YHKLFOHV H[FHSWPRSHGV DQGPRWRUF\FOHVZKLOH SHULRGLF




GULYLQJ EHKDYLRXU LQFUHDVHG FRQVLGHUDEO\ GXULQJ WKH ODVW GHFDGH 0RUHRYHU GXULQJ WKLV SHULRG WKH
QXPEHURIDOFRKROFRQWUROV UHFRUGHG LQFUHDVHGE\PRUH WKDQ)RU WKHILUVW WLPHRQ\HDUDQ
LQFUHDVH LQ WKHQXPEHURIFRQWUROV UHVXOWHG LQDGHFUHDVH LQ WKHQXPEHURIYLRODWLRQVUHFRUGHGZKHUHDV
WKHRSSRVLWHZDVWKHFDVHLQWKHSUHYLRXV\HDUVLHPRUHFRQWUROVUHVXOWHGLQPRUHYLRODWLRQVUHFRUGHG
UHIOHFWLQJDFKDQJHRIEHKDYLRXURIWKH*UHHNGULYHUV




































6LQFH WKHHDUO\QLQHWLHVDGHPHULWSRLQWV\VWHPLV LQSODFH LQZKLFK3RLQWVDUHDGGHG LQ WKHGULYHU¶V
UHFRUG IRU VHYHUDO YLRODWLRQV UHJDUGLQJ DOFRKRO DQG WUDIILF UXOHV HJ VHDWEHOW RU KHOPHW XVH UHG OLJKW



















7KH WRWDO QXPEHU RI UHJLVWHUHG YHKLFOHV IRU \HDU  XSRQ WKH +HOOHQLF 6WDWLVWLFDO $XWKRULW\ ZDV
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EHOW XVH IRU \HDU  LV  IRU GULYHUV  IRU RWKHU IURQW SDVVHQJHUV DQG  IRU UHDU VHDWV
SDVVHQJHUV7KHSHUFHQWDJHRIXVHRIVHDWEHOWE\WKHGULYHULVLQXUEDQDUHDVLQUXUDOURDGVDQG
























'HVSLWH WKH LPSRUWDQW GHFUHDVH REVHUYHG LQ WKH ODVW GHFDGH *UHHFH LV E\ IDU WKH ZRUVW SHUIRUPLQJ
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0DOHV      































0RSHG     
0RWRUF\FOH     
3DVVHQJHU&DU     
\HDU \HDUV \HDUV \HDUV !\HDUV
,QDGGLWLRQZKLOHLQ(8DFRQWLQXRXVO\GHFUHDVLQJWUHQGRIIDWDOLW\ULVNZDVREVHUYHGGXULQJWKHODVW
WZR GHFDGHV DW WKH VDPH WLPH *UHHFH IROORZHG D GLIIHUHQW SDWWHUQ )DWDOLWLHV DQG IDWDOLW\ UDWHV LH
IDWDOLWLHVSHUPLOOLRQLQKDELWDQWVLQ*UHHFHSUHVHQWHGDQLQFUHDVLQJWUHQGXQWLOIDWDOLWLHV$V















GULYHU IDWDOLWLHVZKHUHDV WKHHOGHUO\ROGHU WKDQ\HDUVROGDUHFOHDUO\RYHUUHSUHVHQWHG LQSHGHVWULDQ
IDWDOLWLHV
,Q WHUPV RI DFFLGHQW ULVN PDOH GULYHUV SUHVHQW IURP  WR  WLPHV KLJKHU IDWDOLW\ ULVN WKDQ IHPDOH
GULYHUV7KH\RXQJ\HDUVROGDQGWKHHOGHUO\ROGHUWKDQ\HDUVROGGULYHUVDUHDOVRDWLQFUHDVHG
IDWDOLW\ULVNIRUERWKJHQGHUV<RXQJPDOHVSUHVHQWE\IDUWKHKLJKHVWIDWDOLW\ULVNFRPSDUHGWRROGHURQHV
D GLIIHUHQFH WKDW LV PXFKPRUH VWULNLQJ WKDQ WKH RQH REVHUYHG EHWZHHQ \RXQJ DQG ROGHU IHPDOHV VHH
)LJXUHULJKWSDQHO
5HJDUGLQJDUHDDQGURDGW\SHLWLVHVWLPDWHGWKDWDERXWKDOIRIDOOIDWDOLWLHVRFFXURXWVLGHXUEDQDUHDV
1HYHUWKHOHVV DFFLGHQW VHYHULW\ IDWDOLWLHV SHU  DFFLGHQWV LV IURP WR  WLPHV KLJKHU RXWVLGH XUEDQ
DUHDVHVSHFLDOO\RQLQWHUXUEDQURDGVQRQPRWRUZD\V
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,QMXU\XQGHUUHSRUWLQJ
$FFRUGLQJ WR D UHFHQW VWXG\ OLQNLQJ 3ROLFH DQG+RVSLWDO GDWD IRU WKH*UHHN LVODQG RI&RUIX IRU WKH
SHULRG  SROLFH GDWD ZHUH IRXQG WR FDSWXUH  RI IDWDOLWLHV 2Q WKH FRQWUDU\ KRVSLWDO GDWD
FDSWXUHGRIQRQIDWDOLQMXULHVZKHUHDVSROLFHRQO\FDSWXUHG3HWULGRXHWDO
7KHUHVXOWVRIWKLVVWXG\ZHUHXVHGLQD(XURSHDQSLORWVWXG\IRUWKHGHYHORSPHQWRIXQGHUUHSRUWLQJ















0DWHULDO'DPDJHFRVW SHUXQLW   
*HQHUDOLVHGFRVW SHUXQLW   
+XPDQFRVWSHUXQLW 9R6/   
7RWDOFRVW   
3URSRUWLRQRIFDVXDOWLHV   
$YHUDJHDFFLGHQWFRVW 

*HQHUDOLVHG FRVWV LQFOXGH 3ROLFH )LUH %ULJDGH (PHUJHQF\ 6HUYLFHV )LUVW $LG DQG 7UDQVSRUWDWLRQ
KRVSLWDO DQG UHKDELOLWDWLRQ LQVXUDQFH FRPSDQLHV FRXUWV DQG ORVV RI SURGXFWLYH FDSDFLW\ +XPDQ FRVWV







DO  $ FRQVLGHUDEOH SURSRUWLRQ RI WRWDO IDWDOLWLHV  LV DVVRFLDWHG ZLWK DFFLGHQWV LQVLGH XUEDQ
DUHDV  LQ (8  ZLWK PRWRUF\FOH DFFLGHQWV  LQ WKH (8 DQG  ZLWK VLQJOH YHKLFOH
DFFLGHQWV  LQ WKH (8 0RUHRYHU  RI WKH IDWDOLWLHV LV D SHGHVWULDQ <RXQJ GULYHUV DQG WZR
ZKHHOHU ULGHUV DUH SDUWLFXODU KLJKULVN JURXSV0RUHRYHU*UHHFH LV FKDUDFWHULVHG E\ LQFUHDVHG WUDIILF RI
PRWRUF\FOHV DQG XQRUJDQLVHG WUDIILF RI SHGHVWULDQV 7KHVH IDFWRUV WRJHWKHU ZLWK WKH LQDSSURSULDWH
EHKDYLRXURI*UHHNGULYHUV LH VSHHGLQJGULQNLQJDQGGULYLQJ ORZ OHYHOVRI VHDWEHOW DQGKHOPHWXVH
PD\EHFRQVLGHUHGWKHFULWLFDOURDGVDIHW\IDFWRUVLQ*UHHFH
1HYHUWKHOHVV IDWDOLWLHV KDYH GHFUHDVHG RYHU WLPH QDPHO\ E\   LQ  FRPSDUHG WR WKH
FHQWXU\VWDUWLQGXHWRDVLJQLILFDQWLQFUHDVHRIURDGVDIHW\HQIRUFHPHQWDQHZDQGVWULFWHU
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5RDG&RGHDVZHOODVD ODUJHSURJUDPPHRIPRWRUZD\GHYHORSPHQWGXULQJ WKH ODVWGHFDGH)URP\HDU
RQZDUGVWKHUHFHVVLRQPD\KDYHDOVRFRQWULEXWHGWRWKHGHFUHDVHRIIDWDOLWLHVWKURXJKDGHFUHDVHLQ
WUDIILFHVSHFLDOO\RIKHDY\JRRGVYHKLFOHVDQGSRVVLEO\LQWKHPRELOLW\RIVRPHYXOQHUDEOHJURXSVHJ
\RXQJSHRSOHHOGHUO\EXWDOVR WKURXJKDQRYHUDOOFKDQJHRI WUDIILFEHKDYLRXU HJ OHVVDJJUHVVLYHDQG
PRUHHFRQRPLFDODQGHQYLURQPHQWIULHQGO\GULYLQJ,QJHQHUDOWKHLPSURYHPHQWRIURDGVDIHW\LQ*UHHFH
GXULQJ WKH SHULRG  PD\ EH DWWULEXWHG WR D FRPELQDWLRQ RI WKH DXWKRULWLHV¶ HIIRUWV DQG WKH
FRQWLQXRXVLPSURYHPHQWRIWKHURDGVDIHW\FXOWXUHLQ*UHHFH
2Q HDUO\  DQ ,QWHU0LQLVWU\ &RPPLWWHH RQ 5RDG 6DIHW\ ZDV HVWDEOLVKHG DQG WKH UHVSHFWLYH
ZRUNLQJIRUFHVDUHJUDGXDOO\SXWLQSODFHLQRUGHUWRGHYHORSLPSOHPHQWDQGIROORZXSWKHQDWLRQDOURDG
VDIHW\SURJUDPPHDQGDOOUHODWHGPHDVXUHV,QDGGLWLRQD1DWLRQDO5RDG6DIHW\&RXQFLOLVHVWDEOLVKHG
ZLWKDQDFWLYHDGYLVRU\ UROH 7KHUG1DWLRQDO5RDG6DIHW\6WUDWHJLF3ODQ IRU WKHSHULRG 
SUHSDUHG E\ WKH 1DWLRQDO 7HFKQLFDO 8QLYHUVLW\ RI $WKHQV KDV MXVW EHHQ DFFHSWHG E\ WKH 0LQLVWU\ RI
,QIUDVWUXFWXUH7UDQVSRUWDQG1HWZRUNV
+RZHYHU WKH ODFN RI D FHQWUDO DXWKRULW\ LQ FKDUJH RI URDG VDIHW\ WRJHWKHU ZLWK VRPH RYHUODS DQG
DPELJXLW\ LQ WKH UHVSRQVLELOLWLHV RI VHYHUDO DXWKRULWLHV LQYROYHG UHVXOWHG LQ OLPLWHG HIILFLHQF\ RI WKH
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